Fasciolosis, caused by Fasciola hepatica and Fasciola gigantica, is a very serious parasitic disease, which is responsible for heavy economic losses in sheep and cattle production in many countries of the world.
Besides domestic animals, other animal species and man may be infected as well.
2) There are effective strategies for the control of fasciolosis which are largely based on drug (fasciolicide) use on the definitive host.
3) So far the only effective drug against immature and adult flukes alike is triclabendazole (TCBZ, Fig. 1 ), a potent fasciolicide with a better bioavailability than that of the benzimidazole carbamates, such as albendazole. It differs structurally from the latter in having a 2-methylthio group instead of a 2-methylcarbamate group in the benzimidazole ring. 4) TCBZ appears to be highly specific for flukes, possessing 97-100% activity against all stages of Fasciola spp. The usual oral dose of TCBZ for the elimination of immature and adult forms of F. hepatica is 5-10 mg/kg for sheep and goats, and 12 mg/kg for cattle. 5) For safety and efficacy, TCBZ is the drug of choice for the treatment of human fasciolosis. [6] [7] [8] [9] [10] Unlike nematocides, no new fasciolicides have been marketed recently and apparently no compounds are yet under development. 1) Considering that fasciolosis is also a health problem in Mexico, a research project was undertaken in our laboratory with the purpose of developing new compounds with potential fasciolicidal activity. 11, 12) For the design of one of the new compounds described in this paper, we use as a model pronethalol, an adrenergic blocker which was formed by replacing the 3,4-dichlorophenyl group in dichloroisoproterenol (DCI, Fig. 1 ) by the 2-naphtyl group. 13) DCI is also an adrenergic blocker with some agonist activity thus establishing the fact that pronethalol is a bioisostere of DCI.
In this paper we report the synthesis and preliminary fasciolicidal activity, in vitro and in vivo, against F. hepatica, of 5-chloro-2-methylthio-6-(1-naphthyloxy)-1H-benzimidazole (6), a TCBZ analog. In this compound, the 1-naphthyl group replaces the 3,4-dichlorophenyl group in TCBZ, a moiety change, which is analogous to that done with pronethalol-DCI.
Chemistry
The synthetic sequence in the preparation of 6 is shown in Chart 1. In the first step, 4,5-dichloro-2-nitroaniline (1) was subjected to a nucleophilic substitution reaction with 1-naphthol (2) under known conditions, 14) and the ether obtained (3) was reduced with SnCl 2 · 2H 2 O.
15) The corresponding ophenylenediamine (4) formed was immediately cyclocondensed with CS 2 in an EtOH-KOH solution to give the 2-mercaptobenzimidazole (5). 16) In the last step, 5 was monoalkylated with CH 3 I in acetone and KOH solution 17) to afford the title compound (6) .
The synthesized compounds were purified by recrystallization and their physical constants were determined. The structure of all new compounds was established by spectroscopic and spectrometric data.
Pharmacology
Compound 6 was evaluated in vitro against newly excysted F. hepatica metacercariae at 146.70, 29.34, 9.68, 3.22, and 1.08 mM concentrations. 18, 19) In this experiment we used the deacetylated (amine) metabolite of diamphenetide (DAMD), as a reference standard. Diamphenetide is a phenoxyalkane compound which is highly effective against early immature flukes from 1 d up to 6 weeks, at concentrations of 1.08-3.81 mM.
19) The activity was assessed by comparing the survival of flukes with the untreated control after a 4-d period of exposure to 6; the results of these studies are shown in Table  1 .
For the in vivo evaluation two experiments were carried out. In the former, 27 crossbred sheep were infected each with 150 metacercariae; ten weeks after infection the sheep were randomly divided in three groups of 9 animals each. Groups 1 and 2 were treated orally with a dose of 10 and 15 mg/kg of compound 6, respectively, in gelatin capsules. Group 3 was the untreated control. Two weeks after treatment, all sheep were killed; the flukes were collected from the liver and counted. Efficacy was determined as a percentage of fluke reduction by the treatment in comparison with the control (Table 2 ).
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In a second experiment, sixty 10 to 12 month-old crossbred sheep were orally infected, each with 150 metacercariae of F. hepatica. The animals were divided into 12 groups of 5 each. Groups 1, 3, 5, 7, 9, and 11 with 3-d, 2-week, 4-week, 6-week, 8-week and 10-week-old flukes, respectively, were orally treated with 15 mg of 6 in a freshly prepared suspension; 20, 21) while groups 2, 4, 6, 8, 10, and 12 remained as untreated controls. Four weeks after treatment, the animals were killed in order to collect and count the flukes in the liver. Efficacy (Table 3) was assessed as a percentage of fluke reduction in the treated groups in comparison with the control according to the formula of Forey. 22) Where A is the mean number of flukes in the control group; B is the mean number of flukes in the treated group.
Results and Discussion
The synthesis of compound 3 implies a nucleophilic substitution which can be carried out either by melting 1 and 2 in the presence of KOH, 23) or by heating the mixture at 115°C in a polar solvent (N,N-dimethylformamide (DMF)), and a base (K 2 CO 3 ). 14) We used the second method; which gave higher yield % of the desired product, however, it was severely decreased by recrystallization. Washing the crude product with cold solvent gave a product of high quality and a good yield %. Compound 4 was obtained in good yield %, but the crude amine had to be stabilized with acid to avoid a fast decomposition. Although it was possible to isolate 4, we preferred to use it immediately in the next reaction. The preparation of 2-mercaptobenzimidazoles is also a known process; 16, 17) it was adapted here to obtain 5. Although this compound had a poor solubility in most organic solvents, it was possible to purify it by recrystallization from AcOEtEtOH. The reaction to obtain 6 was very fast. In this final Chart 1. Synthesis of 5-Chloro-2-methylthio-6-(1-naphthyloxy)-1H-benzimidazole (6) step, the amount of reagent and the temperature were carefully controlled; otherwise dimethylation products were formed. The in vitro assay (Table 1) showed that compound 6 killed early immature flukes (1-4 d) at concentrations of 29.34-9.68 mM (77.5%). These results motivated us to carry out in vivo tests.
The preliminary in vivo assay (Table 2) showed that compound 6 had an efficacy of 86.90% at a dose of 15 mg/kg against 10-week-old flukes. However, compound 6 was not formulated in our assay; this fact might as well have reduced significantly the efficacy.
The third trial showed that compound 6 given in an oral suspension was 100% effective (Table 3 ) against all stages of F. hepatica (3 d-12 weeks) at a dose of 15 mg/kg.
Conclusions
The substitution of the 1-naphthyl group for the 2,3-dichlorophenyl group in TCBZ gives a bioisostere of this potent fasciolicide. The in vitro assay showed that compound 6 is very active and capable of disrupting the metacercariae. Compound 6 showed good activity when it was administered in a suspension. At a dose of 15 mg/kg it was 100% effective against 3-d and 10-week-old flukes. The results so far obtained are promising, since most fasciolicidal agents such as rafoxanide, nitroxynil, closantel or clorsulon act only against 6-week-old flukes or older; or at the immature stage, as diamphenetide. 1) Further studies are in progress in order to get a better formulation and to optimize the dose. The determination of the efficacy of 6 in cattle is in progress as well.
Experimental
Melting points were determined on a Büchi B-540 melting point apparatus and are uncorrected. Reactions were monitored by TLC on 0.2 mm precoated silica gel 60 F 254 plates (E. Merck). IR spectra were recorded on a Perkin Elmer FT-IR-1600 spectrometer as KBr disks.
1 H-NMR spectra were measured with a Varian EM-390 (300 MHz) spectrometer. Chemical shifts are given in ppm relative to Me 4 Si (dϭ0) in DMSO-d 6 , J values are given in Hz. The following abbreviations are used: s, singlet; d, doublet; dd, doublet of doublet; t, triplet; m, multiplet; br, broad. MS were recorded on a JEOL JMS-SX102A spectrometer by electron impact (EI) low and high resolution (HR). Elemental analyses were carried out on a FISONS EA11108 CHNSO analyzer. Starting material 1 was synthesized in our laboratory from the commercially available 3,4-dichloroaniline via acetylation, nitration and hydrolysis of the nitroacetanilide.
4-Chloro-5-(1-naphtyloxy)-2-nitroaniline (3)
A suspension of 1 (100 g, 0.483 mol), 2 (70.33 g, 0.487 mol), K 2 CO 3 (100 g, 0.724 mol), and DMF (360 ml) was stirred at 115°C for 3.5 h. Then the mixture was cooled at room temperature and filtered by suction. The residue was washed with hot DMF (300 ml) and the solvent removed in vacuo. The crude product was washed with cold methanol (300 ml) twice, and the orange solid was airdried to give 108.0 g (71%) of essentially pure 3. An analytical sample was recrystallized from toluene-ethanol affording 98% of yellow crystals. mp 145-146°C. IR (KBr) cm (430 g, 1.9 mol) , and EtOH (640 ml) was stirred at 70°C for 3 h in a nitrogen atmosphere. After cooling, the mixture was basified (pHϭ9) with a 50% NaOH solution. The solvent was removed carefully in vacuo, and the solid residue was extracted with AcOEt (200 mlϫ3). The combined organic extracts were washed with brine, dried with anhydrous Na 2 SO 4 and concentrated in vacuo to give 89.6 g (99.08%) of 4 as an oil, which was immediately cyclocondesed in the next step. An analytical sample, which was dissolved in anhydrous ethanol, was converted into the monohydrochloride by treatment with HCl gas; the solid formed was separated in vacuo, washed with ethanol and recrystallized from ethanol to give yellow crystals. mp 195-197°C. IR (KBr) cm 5-Chloro-2-methylthio-6-(1-naphthyloxy)-1H-benzimidazole (6) A suspension of 100 g (0.3059 mol) of 5 in acetone (300 ml) was treated with a solution of KOH (18.8 g, 0.336 mol) in water (50 ml), at room temperature, under a N 2 atmosphere. The dark solution formed was cooled to 0-5°C and treated slowly (1 h) with a solution of CH 3 I (43.41 g, 0.3059 mol) in acetone (43 ml). The mixture was stirred at 10°C for 30 min, neutralized with 20% HCl solution, and the solvent was eliminated in vacuo. The solid residue was taken up with 400 ml of AcOEt, washed with brine, dried with anhydrous Na 2 SO 4 , and the solvent was evaporated up to 200 ml. To the concentrated solution was added an equal volume of methanol and it was stirred in a cold bath. The resulting precipitate was collected, washed with methanol and dried. The crude product was recrystallized from CHCl 3 
